It was not difficult to underline the subject headings on the cards and arrange them in alphabetic order, but it took a great deal of time to establish the cross reference structures for the two samples. The cross references had to be included to make the samples correspond to the original catalogs and to permit comparison of the subject catalogs and the coordinate indexes for reference purposes, as well as to determine the relative difficulty of preparation. The second edition of the Navy Research Section (NRS) List of Subject Headings 2 was followed in creating the see and see also references for the TID catalog; for the few headings found on the cards but lacking in the list, the references were made according to the policies used for the List.
The ASTIA Document Service Center Subject Heading List* lacks the type of cross reference structure of the NRS list, and it provides only seven see references and 28 see also references for the 899 subject headings and none to subdivisions. It was there fore necessary to supply the cross reference structure for the DSC sample catalog, and this was done according to the policies followed in the NRS list. Thus both samples were supplied with all cross references required by the permutations of words in the various subject headings. While it was possible to provide all of the necessary see references, no attempt was made to supply any but the most obvious see also references for the DSC sample catalog, since it is extremely difficult to guess the relationship of headings in a list lacking in its own see also references. The situation accounts for the small number of see also references in the DSC sample compared to the greater number for the TID sample.
The form of the NRS list also indicated the production of 220 see also references 2 U.S. Library of Congress, Navy Research Section. List of Subject Headings, 2d ed. Washington, 1950. * U.S. Dept. of Defense. Armed Services Technical Information Agency. Document Service Center. ASTIA Document Service Center Subject Heading List (Alphabetically), Dayton, 1952 . The subject catalog maintained by the Document Service Center has been provided with cross references, even though they are lacking from the printed list. which could not be used in the sample TID catalog as such, but 186 of these are changed to see references and added, leaving only 34 to be discarded. A similar situation prevailed for the sample DSC catalog.
It is particularly noteworthy from these samples that 97 cross references are needed for every 100 TID headings and at least 85 cross references for every 100 DSC headings. These references are required by the inherent difficulties of alphabetic indexes : they must be included for synonyms, relations between headings, and the permutations of words in multiple-word head ings.
Preparation of Sample Coordinate Indexes
Certain assumptions about coordinate indexes were current in our thinking when we undertook to prepare the first coordinate index from the TID cards:
1. Coordinate index terms should be simple. 2. A coordinate index is used by coordinating two or more terms to discover the original materials providing the desired coordination. Coordination is accomplished by any of the logical operations of conjunction, alternation, and negation, or any combination of them. 3. In order to make it unnecessary to search the entire index, the record of the original materials should be posted on the coordinate index term cards. Since numbers are very convenient for such posting, the original materials should be arranged in numerical order. 4. Since we lacked the original materials to put in numerical order, a numerical or accessions catalog was essential. The numbers already on the cards were ideal for this purpose. 5. Coordinate indexing can be accomplished by manual and mechanical means. The samples described here were made on cards for manual coordination, divided into ten vertical columns according to the terminal digits of the numbers, a device expected to facilitate the coordination of numbers.
After the TID file was set up in order by TIP number, the coordinate index was started by considering the card with the lowest number: in this sample, U 23, bearing the two subject headings-Power meters and Microwaves-Absorption. At this stage, only the subject headings were considered in preparing the coordinate index, and no attention was paid to the titles and abstracts included on the cards. Clearly, the term Microwaves could be used on one coordinate index card and Absorption on another card, and 23 entered on each card in the column headed 3 (for the final digit), but what about the phrase Power meters? If used as a phrase, it is not as simple as if broken into two words, and it requires in an alphabetic file a cross reference from the permutation, Meters, Power.
If broken into two words, the specialized meaning of the phrase becomes lost in the general character of the single words, but is recovered when the two words are coordinated, showing 23 to be common to both words. In an attempt to test the assumptions and with a keen realization of the costly, time-consuming character of a cross reference structure, the phrase was broken up into two words, and the next cards were considered. As the work progressed, it soon became a goal to create the coordinate index without any cross references, if possible. However, not all phrases seemed as easy to break into single words, and the progress of the work was marked by indecision and inconsistency. A chronicle of the efforts to solve the problem, and the solution itself, are found in our Technical Report No. 3, November, 1952 4 The rule for the solution is repeated here because of its importance to coordinate indexing:
"Enter every word in a coordinate index system as a filing word on a single coordinate 4 Also published as "Unit Terms in Coordinate Indexing" by Taube, Mortimer, Gull, C. D., and Wachtel, Irma S., in American Documentation, 3:213-218, October 1952'. index card. Whenever in a particular system a word is used in one, and only one, descriptive phrase, enter that word as the filing word on a card, followed by the remaining word or words in the phrase. The word or words following the filing word on any card will themselves be filing words on other cards."
An example shows the practical application of this rule. Given a report dealing with digital computers, two cards are made, one headed Computers and the other Digital.
If there are no computers in the system except digital computers, the Computers card is modified to read Computers, Digital.
If there is nothing digital in the system except computers, the Digital card is modified to read Digital computers.
If later a report is received on analog computers, the card for Computers, Digital is shortened to read Computers and a new card is made reading Analog computers, providing, of course, there is nothing analog in the system but analog computers. The Digital computers card is not affected until a report is received on some other digital device, when the term is shortened to Digital alone.
With this rule for a guide in choosing unit terms, the coordinate index for the TID cards was rapidly completed, with no further problems, and the cards were arranged in alphabetic order. The sample coordinate index possesses these characteristics :
1. Every term in the system is a filing term. 2. Since there are no subdivisions, every term is on equal footing with every other and can be the subject of a complete search. 3. All "see" references required in a standard system, by virtue of the order of words in index-headings, are eliminated. 4. All "see also" references from general to specific subjects are eliminated. 5. The subjective choice of the indexer between possible permutations of multipleterm descriptions is eliminated. 6. Since every word in the system is a filing word and each word in the system appears only once as a filing word, searching for the "proper subdivision" in the proper phrase is unnecessary. Since serial numbers do not reveal the security classification of reports, a single coordinate index can be used for all classifications without compromising the security requirements based on the "need-to-know."
1214 unit terms for the combined coordinate index, since 372 terms were common to both indexes. The merged coordinate index provided a marked contrast to the sample subject heading catalogs, as shown in these figures: 
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The new rule made it easy to prepare a coordinate index from the headings on the DSC cards, and both coordinate indexes possessed the same characteristics.
At this stage of the work, the two sample alphabetic subject heading catalogs were of approximately the same quality for reference purposes because of their full crossreference structures; but they could not be combined easily into one catalog because the headings are uninverted for TID (i.e., Digital computers) and inverted for DSC (i.e., Computers, Digital). Any attempt at combination would require extensive changes on at least one set of cards, as well as new cross references.
Merging the Coordinate Indexes
It was soon perceived that the contrary was true of the two coordinate indexes. Because the terms in each coordinate index were unit terms, and predominantly single words, it was entirely feasible and easy to merge the two indexes into one. Before the merger there were 815 unit terms for the TID coordinate index and 771 for the DSC coordinate index, a total of 1586 terms; but after the merger there were only The merged coordinate index requires less than one-fourth the number of cards in the two subject heading samples, yet the average number of indexing assignments was doubled, even though the assignment of unit terms was restricted by the policy of creating unit terms from the subject headings only.
Improving the Quality of Coordinate Indexing
It was recognized that an improvement in quality could be obtained for the merged coordinate index by 1. Assigning additional unit terms based on information obtained from the titles and abstracts on the cards, or 2. Assigning additional unit terms based on titles and abstracts on the cards plus a review of the original documents.
The second alternative was not tested, under the assumption that it would be too expensive an undertaking for any large collection of documents, but an investigation of the first alternative was undertaken. A new merged coordinate index was created from a sample of 200 cards, comprised of 100 DSC cards (the lowest numbers in our non-consecutively numbered sample) and 100 TID cards (U20200-U20299). Since all unit term assignments required by the subject headings were retained, the base of the new coordinate index was identical with the old coordinate index for these 200 cards. The preparation of the new index revealed that 388 unit terms were used for the 200 cards in the old merged coordinate index. The review of titles and abstracts resulted in the use of 90 terms already in the old merged coordinate index and in the addition of 117 new terms, bringing the sum "access points." The following Table  has been developed to show per report the comparison between subject headings, access points, converted unit terms, and unit terms resulting from improved coordinate indexing.
It is interesting to note that while the DSC reports have more subject headings and more converted unit terms per report than do TID reports (2.50 to 1.61 and 4.26 to 3.28, respectively), they have fewer unit terms after a review of titles and abstracts (5.64 to 6.88). As an explanation total to 595 unit terms. The average number of unit term assignments was increased from 3.52 to 6.88 for each TID report and from 4.26 to 5.57 for each DSC report, or an average of 6.24 unit terms per report.
This last average is three and a quarter times the average number of subject headings per report, and it indicates that the depth of indexing is much greater for coordinate indexes as we assume from this test they would be prepared than for the conventional subject heading catalogs as they are now prepared. This difference is not as great as indicated here, since the conventional subject heading catalogs provide access to reports by means of cross references in addition to entry under the headings. Lacking an accepted terminology for the sum of subject headings plus crossreferences for any report, we are calling this of this situation, w T e conjecture that it is probable that the DSC policy of assigning headings liberally assures a better conversion to a coordinate index than does the TID policy of restricting the assignment of headings, but that the TID abstracts are more informative for indexing purposes than the DSC abstracts.
If a search of a subject catalog is considered from the viewpoint of an average TID report, it will be found entered under 1.61 subject headings and access to it will be provided under 1.58 cross references, or a total of 3.19 access points, compared to 3.52 entries when the same subject headings are converted to unit terms.
A similar comparison for DSC cards shows 2.50 subject headings plus 2.12 cross references per report, or a total of 4.62 access points per report compared to 4.26 entries per report when the same subject
